Objective: The purpose of the present study was to compare the nutrient intake and the nutritional status between German middle-class alcohol consumers and non-drinkers. Design: Cross-sectional study using patients with different stages of alcoholic liver disease (ALD) and healthy volunteers. Setting: Southern Germany. Subjects: Seventy-six hospitalized German middle-class alcohol consumers with different stages of alcoholic liver disease (ALD) and 22 healthy control subjects. Methods: Subjects and controls were nutritionally assessed and mineral and vitamin content was measured in blood and urine. Results: When compared with controls, alcohol consumers had significantly higher intakes of total calories, but intake of nonalcoholic calories did not differ between groups (P < 0.05). Among drinkers, there was a decrease in percentage of energy derived from protein and fat and a significant increase in carbohydrates (P < 0.05). With the exception of vitamin E, micronutrient intake of alcoholics was equal to that of controls; however, blood vitamin (vitamin C, retinol, lycopene, a-and g-carotene) and trace element (selenium, zinc) concentrations of alcohol-drinking patients were lower than those of nondrinkers.
Introduction
Earlier studies investigating the relationship between heavy drinking and nutrient intake carried out in the USA and Europe have yielded conflicting results as to the adequacy of nutrient intake as well as the nutritional status of alcohol consumers. The varying results regarding the prevalence of malnutrition in alcohol consumers have, at least partially, been explained to be caused by differences in the severity and duration of alcohol abuse, somatic complications related to chronic heavy drinking and differences in the social classes of the alcoholics which have been studied (for review see Morgan, 1988 and Salaspuro, 1993) . The conclusions drawn in earlier studies differ depending on whether the primary aim was to determine nutrient intake or nutritional status. In the latter case the results are also likely to depend on the selection of criteria such as clinical or laboratory signs of overt malnutrition or reduced blood content of micronutrients. Finally, the ethnic background and differences in the type of dietary habits may, at least partially, play a role in the discordant results on the nutrient intake and=or nutritional status of alcohol consumers in different countries (Addolorato et al, 2000; Fernandez-Sola et al, 1998; Gloria et al, 1997; Mezey, 1991; Rissanen et al, 1987; Sarin et al, 1997) .
From the results of several studies examining the relationship between alcohol abuse and nutritional status in middleclass alcohol consumers without severe medical problems, it was concluded that the nutrient intake and nutritional status of middle-class alcohol consumers was adequate (Goldsmith et al, 1983; Gruchow et al, 1985; Hurt et al, 1981; Neville et al, 1968) . However, most studies did not quantify the long-term food and alcohol intake. Until now hardly any information on the nutritional intake and nutritional status of middle European, especially German, male alcohol consumers has been published.
The present study, therefore, was designed to quantify nutrient and alcohol intake in German male middle-class alcohol consumers. In addition, important parameters of general nutritional status were measured and blood=plasma concentrations and urine excretion of micronutrients (vitamins, trace elements) were assessed. Since some liver pathology (fatty liver, mild form of alcoholic hepatitis) is found in most actively drinking subjects (Hall, 1995) , patients with various stages of alcoholic liver disease (ALD) were included in the study and compared with a group of healthy male non-drinkers.
Patients and methods

Subjects
The study was carried out in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Robert-Bosch-Hospital, Stuttgart, Germany. Over a period of 2 y a total of 76 hospitalized male patients, having consumed more than 60 g alcohol=day for more than 2 y, displaying various stages of alcohol-induced liver disease (ALD) and not having abstained from alcohol for more than 6 days before admission to the hospital, were included in the study. All patients were middle-class and were living in the southern part of Germany. Exclusion criteria were: age < 18 y, homelessness, acute or chronic pancreatitis, malignancies, cardiac decompensation, renal failure (serum creatinine > 2 mg=dl), bacterial infections, clinically overt neurological or psychiatric deficiencies, and advanced stages of cirrhosis (Child C ¼ serum bilirubin > 50 mmol=l, ascites poorly controlled, serum albumin < 3 g=dl, nutrition poor, advanced coma). Patients were divided into groups without cirrhosis (groups ALD I and II, n ¼ 57) and one group with cirrhosis (group ALD III, n ¼ 19). Patients were classified as having cirrhosis either by liver biopsy or by meeting the following requirements: (1) the presence of ascites, oesophageal varices and=or typical findings on ultrasound; and (2) the presence of two of the following three criteria; prothrombine time according to the international normalized ratio (INR) > 1.5, bilirubin > 3.5 mg=dl or serum albumin < 2.5 g=dl. Of the 57 patients who did not fulfil the criteria of having cirrhosis 32 had minor biochemical signs of ALD (group ALD I) and 25 patients had biochemical signs of somewhat more pronounced ALD (group ALD II). Anti-HCV was positive in one patient of group ALD I, in three out of 25 of group ALD II and in two out of 19 patients in group ALD III. Patients without clinical, biochemical and ultrasound evidence of cirrhosis were assigned to group ALD II, if alanine aminotransferase (AST) in serum was > 45 U=l and bilirubin > 1.5 mg=dl, whereas group ALD I was comprised of patients in whom AST and bilirubin were below these limits.
Twenty-two healthy male subjects who consumed less than 30 g ethanol=day served as controls (C). The controls were matched by age with the patients participating in the study.
Diet history
Both cases and controls were nutritionally assessed by a trained nutritionist using a computerized method of obtaining a diet history. The program of this method is based on the German food and nutrient data base (BLS). This data base includes 11 000 food items and recipes. For the diet history 300 foods are used that have been shown to contribute importantly to the intake of energy. To improve the estimation of the usual portion size for each item subjects were provided with pictures of small, medium or large serving sizes of the most frequently consumed foods. The method has been validated against data obtained from 7-day-weighing protocol (Landig et al, 1998) . The patients were asked in detail about their frequency of alcohol consumption and serving size in terms of medium glasses or bottles of wine, cans or bottles of beer or shots of hard liquor. For calculation of mean daily alcohol consumption the following alcohol concentrations (v=v) were assumed: beer 4%, wine 11%, hard liquors 40%. Age, body heights and weight, smoking habits, medical history, occupation and physical activity as well as supplementation with vitamins and minerals were recorded too. It was soon noted that 13 out of 32 patients in group ALD I and the majority of the subjects in groups ALD II (16=25) and III (12=19) took vitamin B preparations, mainly combinations containing folic acid and vitamin B 12 .
Collection of blood and urine samples Venous blood samples were collected with and without the addition of heparin after an overnight fast of 48 h following admission to hospital. Plasma was separated by centrifugation at 900 g for 20 min and the erythrocytes were washed three times by resuspension in 1 vol of phosphate buffered saline (PBS), pH 7.4. Total urine was collected for 24 h.
Chemical and biochemical methods
All measurements were carried out in duplicate. The cholesterol content of serum and erythrocytes was determined using a colorimetric test based on the CHOD-PAP method (Cholesterol-Testkit, Hoffmann-La-Roche).
The content of retinol, carotenoids (a-carotene, b-carotene, lycopene), and tocopherols (a-tocopherol, g-tocopherol) in plasma was determined simultaneously using Nutritional deficiencies in German alcohol consumers I Bergheim et al the high-performance liquid chromatography (HPLC) method of Thurnham et al (1988) . For the HPLC analysis an LDC Analytical HPLC-system (LCD Analytical, Germany) was used. The separation of vitamins was performed simultaneously in duplicate on an ODS 2, 3 mm 4.6Â100 mm column (Grom, Germany) using acetonitril=methanol= dichlor-methan 47=47=6 as the mobile phase, flow rate 1.5 ml=min. Detection wavelengths were retinol at 325 nm, a-tocopherol, g-tocopherol, and a-tocopherol-acetate (used for internal standardization) at 292 nm and a-carotene, bcarotene, and lycopene at 475 nm. NIST-standards (National Institute of Standards and Technology, Gaithersburg, MD, USA) were used to determine calibration curves. After stabilizing samples with 5% meta-phosphoric acid, the vitamin C content in the plasma was determined using the method of Vuilleumier and Keck (1989) . For the fluorimetric assay a centrifugal analyzer with a fluorescence attachment (CobasFara II, Roche Diagnostica Instruments, Basel, Switzerland) was used. Plasma, erythrocyte and urine zinc and plasma selenium contents were measured by atomic absorption spectroscopy (AAS, PU 9200, Unicam, Germany); erythrocyte and urine selenium content was measured by HPLC analyses. Plasma samples were mixed with HNO 3 (30%) and centrifuged at 1000 g, 15 min. The plasma supernatant, the homogenized erythrocytes and the urine were diluted with HCl (0.3%). Determination of zinc content was carried out at 213.9 nm, bandwidth 0.3 nm using an air-acetylene mixture as a burning gas. The selenium content in plasma was determined using the method of Oster and Prellwitz (1982) , applying carbon furnace atomic absorption spectroscopy.
The selenium concentration in erythrocytes and urine were measured using the method of Vezina and Bleau (1988) . The HPLC apparatus consisted of a Shimazu autosampler SIL-6B, an LKB pump, a Shimazu Spectroflow 980 detection system, and a Shimazu HPLC Integrator C-R3A. Separation was performed on a LiChrospher Si 60, 4Â125 mm column packed with 5 mm particles. The mobile phase consisted of cyclohexane and ethylacetate (9 : 1), flow rate 1 ml=min. The pressure varied around 80 bar. Detection was carried out at 360 nm, emission wavelength 520 nm.
Statistical anlaysis
Results are expressed as means AE s.d. Applying CSS software for all parameters, comparisons between groups were performed using Kruskal -Wallis ANOVA. In case of significant differences the data of each subgroup and controls were tested for normality of distribution. When the criteria of normality of distribution was not met, the Mann -Whitney U-test was applied for further statistical analysis, comparing each subgroup separately with controls. To account for multiple testing, P-values considered to represent significant differences were adjusted to P < 0.017, indicating that Mann -Whitney U-test was applied three times (Bonferroni correction).
Results
Clinical, laboratory, and anthropometric characteristics of subjects and controls are summarized in Table 1 . Significant differences were found for age with ALD III subjects being significantly older than the subjects in all other groups. Body mass index (BMI, kg=m 2 ) being used as a reference of nutritional status did not differ between groups. As can be expected on the basis of the classification of groups ALD I=II=III the tests representing liver function (bilirubin, albumin and prothrombin time) were slightly above=below normal ranges in group ALD I, distinctly disturbed in ALD III and in the intermediate range in group ALD II, respectively (Table 1) .
Statistical analyses displayed significant differences for total daily energy intake between groups with ALD groups consuming more than controls but not differing among themselves (Table 2 ). These differences were no longer found when subtracting alcohol energy intake from total energy intake. Alcoholic energy mainly resulted from beer and hard spirits consumption. Energy intake from protein, fat and carbohydrate, expressed as a percentage of total energy intake (alcoholic and nonalcoholic) was significantly lower in all ALD subgroups, when compared with controls. When based on nonalcoholic energy intake the intake of protein and fat was lower in all ALD groups compared with controls, but the differences were significant only in groups ALD I and ALD III (Table 2 ). No differences were displayed when comparing protein intake expressed as g per kg body weight of ALD subjects and controls. Carbohydrate intake was significantly higher in all ALD groups when based on nonalcoholic energy intake. Controls consumed more fiber than subjects with non-cirrhotic ALD. For group ALD III a tendency towards a reduced fiber intake was found. No significant differences were found comparing daily vitamin B 1 , B 2 , and B 6 as well as vitamin C and retinol intake of subjects and controls (Table 3) . Daily folic acid and vitamin B 12 intake showed a trend towards being higher in subjects Nutritional deficiencies in German alcohol consumers I Bergheim et al with ALD than in controls. Even though subjects with ALD consumed less carotene no statistically significant differences were displayed when comparing daily carotene intake of subjects with ALD with that observed in controls. Vitamin E consumption was significantly lower in all ALD subgroups when compared with controls. The mean intake of zinc and selenium was 10 -30% lower in all ALD groups, the differences compared with controls not being statistically significant (Table 3) . Plasma, erythrocyte and urine concentrations of vitamins and minerals are summarized in Tables 4 and 5 . Vitamin C and carotenoid plasma contents of all ALD groups and retinol plasma contents of subjects of ALD stage III were significantly lower than those of controls. Plasma selenium concentrations of ALD subjects were about 35% lower than those of controls but the statistical evaluation displayed only a significant reduction ( 7 45%) for group ALD III. Erythrocyte selenium contents of subjects of ALD groups II and III were significantly lower (34 and 30%, respectively) than those measured in controls. Selenium urine excretion was significantly lower in subjects of group ALD II and III, but not in ALD group I. In ALD subjects zinc plasma contents were reduced significantly when compared with controls. No differences were found between groups for zinc erythrocyte content. Mean zinc urine excretion was higher in ALD groups as compare with controls, the difference being statistically significant only in subgroups ALD II and III.
Discussion
It is generally agreed that alcohol abuse is one of the most important causes of acute and chronic diseases in most industrialized countries, including Germany. Nutritional disturbances are assumed to remain among the most relevant medical problems in alcohol consumers (Aaseth et al, 1986; Addolorato, 1998; Suter et al, 1997) but it is still a matter of debate whether chronic alcohol consumption per se results in malnutrition (Italian Multicentre, 1994; Leo et al, 1993; & Lieber,1999; Morgan, 1988; Nicolas et al, 1993; Rissanen et al, 1987 , Wheeler, 1990 . Both the nutrient intake and the nutritional status of alcohol consumers are markedly influenced by many factors such as severity and duration of alcohol abuse, the presence, type and severity of somatic complications caused by excessive drinking and by economic and social circumstances. Since most earlier studies on the association of alcohol abuse and nutritional deficiencies have focused either on 'skid row' alcoholics or on alcoholics with severe somatic diseases (Leevy et al, 1965; McClain & Su, 1983; Patek et al, 1975) , it was assumed that the overall nutritional disturbances in alcohol consumers had been overestimated (Italian Multicentre, 1994; Leo & Lieber, 1999; Mills et al, 1983; Morgan, 1988; Salaspuro, 1993) . In fact, the nutritional intake and status of alcohol consumers without major medical complications was not found to be markedly inferior to that of non-alcohol abusers particularly among those with similar economic and social backgrounds (Gruchow et al, 1985; Hillers & Massey, 1985; Hurt et al, 1981; Mezey, 1991; Rissanen et al, 1987) . The present study focused on the nutritional intake and selective parts of the nutritional status of German middleclass male alcohol consumers without evidence of major somatic complications other than mild to moderately severe alcoholic liver disease (ALD). The mean alcohol intake was similar in the three subgroups of alcohol drinkers (ALD I -ALD III), corresponding to 28 -31% of total energy intake and resulting mainly from beer and hard spirits. Since the energy intake without alcohol did not differ significantly in groups ALD I -ALD III from the values of controls it is evident that alcoholic energy adds to and does not replace non-alcoholic energy. Protein intake in g=kg body weight did not differ among groups and was well within the recommended daily allowances (RDA). Unexpectedly, the intake of fat was lower (16 -22%) and that of carbohydrate higher (17 -37%) in the alcohol consumers as compared with the controls.
Despite the significantly higher total energy intake of alcohol consuming subjects, the results of the anthropometric data (body weight, BMI) did not differ between the three subgroups of alcohol abusers and controls. Various surveys indicate that the additional energy intake produced by alcohol in middle-class alcohol consumers is not associated with increased body weight compared with control subjects ingesting the same nonalcoholic energy intake, but lower energy intake (Mezey, 1991; Rissanen et al, 1987) . In addition, in the patients with alcoholic cirrhosis (ALD III), neither the intake of energy nor of protein (in g=kg body Nutritional deficiencies in German alcohol consumers I Bergheim et al weight) was significantly different from the controls and the subgroup with only minor alcoholic liver disease (ALD I).
Other authors have reported about the reduced intake of energy, protein, and carbohydrates in patients with alcoholic cirrhosis (Naveau et al, 1997; Sarin et al, 1997) . These changes were more pronounced as the severity of the liver disease increased and were also observed in patients with advanced non-alcoholic cirrhosis (Naveau et al, 1997) . The normal energy and protein intakes in the subgroup with alcoholic cirrhosis in the present study might be explained by the exclusion of patients with advanced stages of cirrhosis (Child C) and also by the fact that most alcohol consumers in Germany remain in the economic range of what is called 'middle-class' in many industrialized countries (Italian Multicentre, 1994; Leo & Lieber, 1999; Naveau et al, 1997; Sarin et al, 1997) .
The slightly lower content of albumin in the cirrhotics corresponds well with the reduced prothrombin time and is likely to be caused by the chronic liver disease, a finding which has also been reported by others (Wheeler, 1990) .
Fiber intake was markedly lower in all subgroups of alcohol consumers compared with the controls. A similar, although less pronounced, reduction in fiber intake in alcohol drinkers has been reported in one other study (Hillers & Massey, 1985) . Among other causes the high prevalence of symptoms of abdominal discomfort in alcohol consumers (Bode & Bode, 1992 ) may lead to a low intake of vegetables and fruits. The slightly reduced intake and the corresponding decrease in plasma vitamin C concentration (55 -64%) in all subgroups of alcohol consumers might best be explained by a low intake of fruits and vegetables. That the mean intake of vitamins B 6 , B 12 and folic acid was somewhat higher in groups ALD I -III compared to the controls might be caused by supplements of these vitamins being taken by more than 50% of the patients. Surprisingly, vitamin B 1 , which is of special importance in many alcohol consumers (Simonetti et al, 1995; Thomson, 1990) , was not included, or only at low dosages, in the vitamin B substitutions. Because of the frequent but intermittent intake of supplements containing mainly vitamins B 6 , B 12 , and folic acid the data on the intake of these vitamins has to be interpreted with caution. Varying degrees of deficiencies of water-soluble vitamins have been reported in alcohol consuming patients with marked somatic complications (Hurt et al, 1981; Leevy et al, 1965; McClain & Su, 1983; Patek et al, 1975; Thomson, 1990 ) but studies in middle-class male alcohol imbibers have reported only minor deviations in the intake of thiamine and vitamin C (Hillers & Massey, 1985) or normal values (Rissanen et al, 1987) . A reduction in serum vitamin C concentrations in alcohol consumers has been reported in other studies (Lecomte et al, 1994; Mills et al, 1983; Wheeler, 1990) .
Despite the normal energy intake, the intake of the fatsoluble vitamin E was markedly lower in groups ALD I -III. Lower mean intakes were also recorded for carotene, although the differences compared with the controls were not significant. The serum concentrations of these vitamins and their derivatives changed more or less parallel to the values of the intake. In accordance with some earlier studies, significantly lower concentrations of a-tocopherol and gtocopherol were observed in alcohol consumers (Addolorato, 1998; Bjorneboe et al, 1988; Mills et al, 1983) . However, in other studies unchanged (Bode et al, 1988; Fernandez-Sola et al, 1998; Rissanen et al, 1987) , and even increased (Simonetti et al, 1995) plasma concentrations of tocopherol were found in alcohol imbibers.
In our study, serum levels of a-and b-carotene and lycopene were lower in the alcohol consumers than in controls, while the decrease in mean concentration of retinol was only significant in subjects of the group ALD III. Reduced circulating concentrations of retinol and carotenoids in patients with alcoholic liver disease have been reported by other groups (Ahmed et al, 1994; Italian Multicentre, 1994; Landig et al, 1998; Leo et al, 1993; Leo & Lieber, 1999) . The markedly decreased blood concentration of carotenoids may, at least partially, be caused by malabsorption which is frequently observed in imbibing alcoholics and in subjects with more advanced alcoholic liver disease. In addition, this may be caused by maldigestion because of changes in the biliary secretion of bile acids (Bode & Bode, 1992) . The reduced content of carotenoids in alcohol consumers might be of special importance with respect to their role in the antioxidative defense system against reactive oxygen species (Leo & Lieber, 1999) .
The slightly, but not significantly, reduced intake of zinc in alcoholics might contribute to a significantly depressed plasma zinc content in all subgroups of alcohol abusers with the zinc content of erythrocytes remaining unchanged. Evidence of zinc deficiency in alcohol consumers has been published repeatedly (Aaseth et al, 1986; Bjorneboe et al, 1988; Dworkin et al, 1985) . Low serum zinc concentration and reduced zinc contents in leukocytes (Lecomte et al, 1994; McClain & Su, 1983; Morgan, 1988) and reduced hepatic zinc content in patients with different stages of alcoholic liver disease (Bode et al, 1988) have mainly been explained by increased urinary zinc losses and not by malabsorption or reduced dietary intake of this trace element. Zinc deficiency may contribute to many functional disturbances in the alcohol consumers including disturbed immune functions (Fraker et al, 1987) .
Similar to zinc intake, the intake of selenium was not significantly changed in the alcoholics although it has to be admitted that the lower mean values in the ALD groups might not reach statistical significance because of the small sample size. The depressed plasma selenium concentration, the lower selenium contents in the erythrocytes, and the reduced urine selenium excretion of the alcohol consumer are in accordance with the results of earlier studies (Bjorneboe et al, 1988; Dworkin et al, 1985; Tanner et al, 1986) . While depressed serum selenium concentration correlated closely with poor nutritional status (Tanner et al, 1986) and with severity of alcoholic liver disease (Dworkin et al, 1985) Nutritional deficiencies in German alcohol consumers I Bergheim et al in earlier studies no association of selenium levels with both factors was found in the present study.
In conclusion, the results of this study indicate that, in German middle-class male alcohol consumers with minor to moderately severe alcoholic liver disease, including compensated cirrhosis, dietary intake does not significantly differ from that in non-alcohol consuming controls. In this population alcohol is added to the diet rather than replacing nutrients derived from food sources. These results differ from those reported in most studies performed in the USA and in some other countries, in which malnutrition seems to be frequent and the leading cause of a deficient nutritional state (Hurt et al, 1981 , Italian Multicentre, 1994 Leevy et al, 1965 , Leo & Lieber, 1999 McClain & Su, 1983; Mezey, 1991; Naveau et al, 1997; Patek et al, 1975; Sarin et al, 1997) . However, the plasma content of several vitamins (vitamin C, E, carotenoids) and trace elements (zinc, selenium) was significantly reduced in the alcohol consumers, the depression being independent of the stage of ALD. The deficiency in certain vitamins and trace elements seems to be largely independent of the nutrient intake, but seems to be closely connected to the amount of alcohol consumed.
